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Development of Complex Products:
Design Guidelines for Product Designers.

Today’s design projects are often challenged by their interdisciplinary nature as well
as increasing product complexity and time pressure (Cross 1994; Wicklund 1994;
Freudenthal 1999). A recommended way to handle complexity in the design process
is to work systematically (Roozenburg and Eekels 1995; Freudenthal 1999), with
checklists and guidelines offering a possibility to support product designers.
The paper discusses the development and evaluation of a set of product design
guidelines for designers working on complex design projects. It describes the
generation of a comprehensive set of generic and practically aimed product design
guidelines that holistically support product designers within complex design projects
to create useful, usable and satisfying product solutions. The guidelines are
designed to be generically applicable and are presented in a checklist format. The
guidelines are organised into seven sections, based on the stages of an iterative
design development process (den Buurman 1997; Freudenthal 1999).

Mark Goellner
Sarah Wakes
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University of Otago

Research has been undertaken to investigate the usefulness and usability of the
generated guidelines. A small-scale pilot-study with twelve design students, three
academic designers and seventeen professional designers in New Zealand has
been conducted to reveal findings about the usefulness and usability of the
generated design guidelines. Research tools in form of questionnaires and semistructured interviews were used to determine the participants’ previous knowledge
and experience, and to gather their feedback about the guidelines’ usefulness and
usability. The paper presents the results of the first two participants groups (students
& academics) as an initial pilot study, while the investigation of the professional
product designers is ongoing.
The findings of this initial pilot-study reveal that the product design guidelines in form
of checklists are generally of interest for product designer to support their generally
complex design projects. However the study also shows that the format and usability
of the generic design guidelines needs to be improved to become a useful and
powerful tool for the designers. A possibility to improve the discovered usability
problems would be the generation of a digital tool (e.g. online tool), that would allow
the guidelines to be structured in-depth, to present them in a more appealing way, to
incorporate a search function and to make easily changes and updates. The results
of this initial study will be supported in more detail by the results of the professional
designers survey, which should provide further insights in the usefulness and
usability of the design guidelines for professional product designers.
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Abstract
The paper discusses the development of generic and practically aimed design
guidelines for product designers working with complex products. Research has
been undertaken to investigate the usefulness and usability of these guidelines.
A pilot-study with student- and academic-designers in New Zealand reveals that
the product design guidelines in form of a checklist are generally of great
interest to support complex design projects, but also that the format and
usability of the generic design guidelines needs to be improved to become a
useful and powerful tool for the designers.
Introduction
Today’s design projects are often challenged by their interdisciplinary nature,
increasing product complexity and time pressure (Wicklund 1994; Freudenthal
1999). In order to overcome potential problems due to complexity in the design
process guidelines offer a possibility to support designers (Freudenthal 1999).
Several guidelines can be obtained from different design related subjects, such
as interface design (Gardiner and Christie 1987; Mayhew 1992; Daly-Jones,
Bevan et al. 1999), ergonomics (Ashby 1979; Grieve and Pheasant 1982;
Pheasant 1986; Bullinger, Kern et al. 1987; Pheasant 1987; Bridger 1995;
Wickens, Gordon et al. 1998), engineering product development (Govindaraju
1999; Ulrich and Eppinger 2000) and product design (Freudenthal 1999). Most
of these design guidelines focus on a distinctive subject and do not support a
holistic design approach incorporating multiple disciplines, which is necessary to
produce useful, usable and pleasurable products (Jordan 1998; Jordan 2000;
Green and Jordan 2002). The following research provides insight in the
development and evaluation of a set of generic product design guidelines that
supports complex product design approaches in a holistic way.
Research Objectives
This research aims to understand the usefulness and usability of guidelines in
the product design process. This research will not assess the quality of the
design or designers involved in the study. The specific objectives are:
• to develop a generic set of product design guidelines
• to assess the designers’ previous experience in design
• to assess the designers’ previous usage of design guidelines
• to determine the usefulness of the guidelines for product designers
• to determine the usability of the guidelines during the design process
The Development of the Guidelines
A set of generic product design guidelines was generated on the basis of current
literature from many design related subjects. In order to cover all relevant
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aspects of a holistic product design approach, the literature research was split
into five major topics as shown in Table1:

Table 1: Product Design Areas covered by the Guidelines
On basis of this literature a set of generic design guidelines was generated to
support product designers in their design projects. The guidelines are written in
a checklist format to provide detailed prompts for the designers. A seven-stage
design process, summarized in Figure 1, based on several formal design
process models (den Buurman 1997; Freudenthal 1999; Ulrich and Eppinger
2000) was used to structure the content of the guidelines, so that all major
product design aspects are covered.
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Figure 1: Content and Underlying Design Process of the Guidelines
Each set of guidelines is produced as a bound paper copy (in black and white
print) to provide a ready-to-use, comprehensive and complete set of guidelines.
A detailed contents page and a short introduction are included to facilitate the
user’s navigation. Each copy contains 84 numbered pages presenting the
guidelines within a hierarchical numbering system. Each guideline is limited to a
short description of up to two sentences to keep the overall size to a minimum
and to allow for a checklist format.
Methodology
To evaluate the usefulness and usability of the generated design guidelines an
empirical research approach using questionnaires and semi-structured
interviews was chosen to gather valid and comparable results (Hague 1993;
Frazer and Lawley 2000; Hague 2002; Gorard 2003). The guidelines were given
to three different groups of volunteer participants to gather their feedback about
the usefulness and usability of the guidelines.
Participants (Sampling)
The sample population was chosen on the following criteria:
• All participants must be familiar to various degrees with the field of product
design, because the guidelines contain design specific terminology
• Different groups with different product design experiences should be chosen
to detect relationships between the designers’ experience and the usage of
the guidelines
• The participants should work/study in New Zealand to contain the sample
size and logistical effort for the survey
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The first group of participants were second year product design students at the
University of Otago (New Zealand). Twelve out of 82 design students
volunteered to use the guidelines during a twelve-week group design project of
a medical product. The second group consisted of three designers, currently
employed as academics at the University of Otago and involved in the product
design field. A third group of participants consists of seventeen professional
product designers currently working in New Zealand. This paper describes the
findings from the first two groups, while the investigation of the third group is
ongoing.
The Research Tools
The participants’ feedback was gathered by using two questionnaires and semistructured interviews.
The questionnaire-format was chosen to facilitate the data processing, to draw
accurate information from the participants and to provide the participating
designers with an easy-to-use survey format (Frazer and Lawley 2000; Hague
2002). The questionnaires were designed by using mainly fixed-respond
questions in form of rating scales (5 point scales of agreement), preselected
tick-box answers or yes/no-answers to simplify the usability and evaluation of
the questionnaire. The fixed-respond questions were designed to contain an
open-ended answer that allowed the participants to give non-anticipated
answers. The first questionnaire was given to the participants before the
guidelines were handed out in order to collect information about the participants’
previous experience. The second questionnaire was given to the participants
after they used/reviewed the guidelines in order to gain their feedback about the
guidelines.
The interview-format was chosen for its interactive characteristic, that allows for
more in-depth understanding, the discovery of unexpected responses and
rephrasing of the questions. (Jordan 1993; Hague 2002). Short face-to-face
interviews (30-60 min.) were used to gain in-depth feedback about the
participants’ impression of using/reviewing the guidelines. The interviews were
designed as being semi-structured with open-ended questions. This allowed for
a systematic coverage of the research questions as well as for more detailed
answers and the discovery of unexpected responses.
Analysis Method
The open-ended questions from the interviews and questionnaires were
evaluated by using a content analysis method in form of straightforward
frequency counting (Carney 1972; Kent 2001) in order to identify significant
information/statements. The fixed-respond questions in the questionnaires were
directly used for statistical evaluation. The collected data was evaluated and
compared by using statistical software. The frequencies and means of the data
were calculated to provide meaningful results. The results are stated in
percentages of participants (%) and/or as scale-rating values between one (low)
and five (high).
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Results
Participants’ Previous Design Experience
The participants provided information about their previous design experience
and demographics shown in Table 2:

Table 2: Demographics and Previous Design Experience of the Participants
The data shows that the majority of students are generally younger and have
less educational background and design experience than the academics. The
students can therefore be classed as novice designers with limited product
design experience, while the academics can be classed as experienced
designers with several years of product design experience.
Previous Knowledge and Use of Design Guidelines
The majority of students [92%] stated that they were generally not aware of the
existence of design guidelines. However 25% of the students mentioned they
have used some sort of guidelines for their design projects. The majority of the
academics [67%] stated that they know and used design guidelines in the
design process. The previously used design guidelines were rated as shown in
Figure 2:

Figure 2: Rating of Previously Used Guidelines
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The results show that the students perceive previously used guidelines as quite
complex and not very practically orientated. Consequently one can assume that
novice designers would see guidelines as not being a great support in the
design process. However the academics rated previously used guidelines as
very helpful and very practical orientated. Experienced designers are therefore
generally more likely to see guidelines as a useful support in the design
process.
Usage of the Generated Guidelines
89% of the students and 67% of the academics applied the guidelines on their
design projects, while the others reviewed the guidelines. Overall the
participants rated the importance of the guidelines for their design project as of
‘medium importance’. This indicates that product designers have an interest in
using guidelines as support in the design process, but also that this interest for
reaching the desired design goal is only of limited intensity. This limited interest
can be most likely ascribed to time constraints and the overall workload already
involved in the generally complex design projects. Evidence for this assumption
can be found in the participants’ overall usage of the guidelines: 67% of the
participants used the guidelines in a demand-driven way, with the average
usage rated between brief (2-3 times) and occasionally (3-6 times). Table 3
shows when the guidelines were mainly used during the design process.

Table 3: Guideline Usage during the Design Process
The results show clearly that the majority of students used the guidelines before
a certain design phase as a preparation tool, which can be seen as typical for
their limited experience in product design. The academics however used the
guidelines predominantly after a certain design phase as an evaluation tool,
which can be ascribed to their greater experience in designing products: they
rely on their experience first and then check for missing design aspects, which
becomes potentially more important with increasing product complexity. This
finding supports the underlying hypothesis that the guidelines would be used as
checklist aid for the design process. The other conclusion that can be drawn
from these results is that the guidelines are not only useful as evaluation tool for
experienced designers, but also as preparation or teaching tool for novice
designers.
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Amount and Presentation
Table 6 shows how the amount of the guidelines was perceived:

Table 6: Perceived Amount of Guidelines
The results show that the amount of guidelines can be defined as too many,
especially for experienced designers. To overcome this amount-usability
problem without losing the guidelines in-depth information the guidelines could
be presented in a different format, such as a digital version, that allows to
structure the guidelines additionally in-depth and to present them in a lighter
way.
The presentation of the guidelines was described overall as being good and
clear in structure [67% students / 100% academics]. In more detail Figure 7
presents the ratings of the guidelines’ presentation.

Figure 7: Presentation of the Guidelines
The presentation of the guidelines was perceived as being organised and clear
to use. The addressed usability aspects (easy to use, locate and follow) were
rated as satisfactory. Theses results shows clearly that the guidelines are
basically usable, but also that the usability aspects need to be improved.
Usability Aspects
When asked if it was clear how the guidelines should be used the majority of the
participants [75%] stated that it was ‘clear after some thought’. This rating
seems to be acceptable taking into account that the participants were presented
with a new and unfamiliar set of guidelines.
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In total all participants stated that the guidelines were not confusing, unclear or
conflicted with their previous knowledge. Generally the guidelines were rated as
being ‘helpful’ [60%], but also as ‘slightly workload increasing’ [56%]. These
results indicate that overall the usability and the content of the guidelines
basically met the participants’ needs. However the usability of the guidelines
needs still to be improved in order to decrease the workload of using guidelines
in the design process. Other usability aspects were rated in more detail as
shown in Figure 3:

Figure 3: Usability Rating of the Guidelines
The results indicate that the designers appear to respond well to the guidelines’
wording and checklist character. The results also indicate that the guidelines are
potentially more useful for novice designers. The ratings show that the
guidelines need to be improved to enhance their usability for experienced
designers working under time-pressure. The academics perceived the
guidelines more generic than the students, which can be ascribed to their
greater experience and their ability to envision the guidelines’ generic
applicability for different projects. This finding indicates that the guidelines
provide specific in-depth support for novice designers as well as sufficient
generic coverage for different design projects. The fact that both participant
groups rated the guidelines’ organization as ‘logically structured’ shows that the
underlying structure enhances the guidelines’ usability.
More detailed information on the support of the guidelines during the design
process is shown in Figure 4:

Figure 4: Support of the Guidelines
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Figure 5 and 6 expand upon the helpfulness and generic-specific balance
respectively:

Figure 5: Helpfulness of the Guidelines

Figure 6: Generic-Specific Balance of the Guidelines
The findings show that the students perceived the guidelines generally as being
more helpful and specific in all phases than the academics, which can be
ascribed to their limited design experience. Figure 4 shows clearly that the
guidelines are seen as being more supportive for the design evaluation. Figure 5
shows that the guidelines are perceived as being more helpful in the analysis,
embodiment and detail design phases. These phases have generally a greater
and more comprehensive information content and therefore more support by the
guidelines is potentially required. The academics’ high helpfulness-ranking in
the detail design phase, a stage containing many evaluation stages, is also an
9

indication that the academics use the guidelines more as evaluation tool. Figure
6 show clearly that the guidelines’ generic-specific balance between generic
coverage and specific in-depth content is evenly distributed amongst all design
stages and fulfils the needs of both designer groups.
Underlying Design Process
The rating of the underlying formal design process is shown in Table 5:

Table 5: Rating of the Underlying Design Process
In total the majority of participants did not notice any inappropriate location of
any of the guidelines. However some participants mentioned an unfamiliarity of
some headings (e.g. embodiment design) and an overlapping/repetition of some
guidelines. Therefore the underlying design process can be seen as a suitable
way to structure the guidelines with only some minor adjustments (e.g. wording
of headings) that needs to be done.
Other comments about the guidelines, when asked about problems during
usage, were as follows:
• Too academic in wording*
• Some more information about the usage would be good*
• Too linear hierarchy*
• Quite complex in a dull presented way*
• Supportive diagrams would be good*
• Index would be good*
(* Interview-responses)
These usability problems mentioned mainly based on the guidelines’ format (i.e.
paper copy), which was designed to be comprehensive. This format offers a not
very appealing style, which results potentially in a negative perception of the
guidelines’ usability (Lidwell, Holden et al. 2003). Other issues mentioned above
address navigational usability issues. Both problem areas (aesthetics and
navigation) could be solved by presenting the guidelines in a digital version that
allows the guidelines to be structured in an in-depth hierarchy and to present
them in a more appealing way by using colours and supportive images.
Discussion
In summary it has been shown that the evaluated set of generic design
guidelines is generally usable for designers, with the novice designers using
them as a preparation tool and the experienced designers using them
predominantly as an evaluation tool. However the results also indicate clearly
that the guidelines’ usability needs to be improved. The demand-driven usage,
the unappealing presentation, the amount and the navigational aspects require
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a different presentation of the guidelines. A digital format could provide one
solution for these usability problems.
Limitations of this pilot-study are clearly the limited sample size. One can argue
that the findings from twelve novice designers and three experienced designers
do not provide sufficient in-depth results to draw accurate conclusions about the
usefulness and usability of the investigated guidelines. However for the
discovery of usability problems it has been found (Nielsen 1994) that 10-15
participants normally discover 85-90% of the usability problems in heuristic
evaluations. Furthermore it is stated that 8-10 user interviews are generally
enough to identify 80-90% of the user’s needs (Ulrich and Eppinger 2000).
Therefore the number of participants in this pilot study can be considered
sufficient to discover the majority of usability problems and to draw wellindicating conclusions. Further results will be gained from the ongoing
investigation of professional product designers in New Zealand.
Conclusion
The following conclusions can be drawn from this pilot study:
• Product designers have generally an interest in using design guidelines to
support their projects
• Design guidelines are likely to be used in a demand-driven manner due to
time-constraints and overall workload
• The design guidelines are basically usable, but the usability aspects need
to be improved to become a supportive tool for product designers
working in complex projects
• Designers respond well to the design guidelines wording (prompts) and
checklist character
• The design guidelines applicability is generic enough to cover the broad field
of product design and specific enough to provide sufficient in-depth
information coverage
• The underlying formal design process is suitable to organize the guidelines
in a familiar and logical way
• The design guidelines are more likely to be used as preparation tool by
novice designers and as evaluation tool by experienced designers
• A different presentation of the guidelines in form of a digital format is likely
to increase the usability in terms of aesthetical presentation, navigation and
reduction of the perceived overall amount
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